S. typhimurium nit mutants are defective in nitrogen assimilation, despite having normal levels of assimilatory enzymes. Complementation, enzyme assays, and genetic mapping show that nit is nadE. We present evidence that ammonia, not glutamine, is the physiological substrate for eubacterial NAD synthetases and that low activity completely accounts for the mutant phenotype.
(Fig. 1B, fourth and fifth crosses). These results confirm that nit is nadE.
Evidence that ammonia, not glutamine, is the physiological nitrogen donor for NAD synthetase. The phenotype of the S. typhimurium nit (nadE) mutant is virtually identical to that reported for a Rhodobacter capsulatus nadE mutant, i.e., the mutants require high concentrations of ammonia for growth (1, 10) . Three explanations have been proposed to account for the mutant phenotype. First, if NAD synthetase is glutamine dependent, and a mutation impairs amide transfer, then the mutants would require a high concentration of ammonia, a poor substrate for amidotransferases, in place of glutamine (11) . Second, if NAD synthetase is ammonia dependent, then an alteration that diminishes activity or increases the K m for ammonia would result in a requirement for a high concentration of ammonia. Third, NAD synthetase may have an essential regulatory function.
Several lines of evidence favor the hypothesis that NAD synthetase is ammonia dependent. First, if NAD synthetase is glutamine dependent, then diminished amide transfer should not affect ammonia-dependent activity (a property of most amidotransferases). This is easily detected since the purified NAD synthetase, which has virtually no glutamine-dependent activity (8, 10) , has an extraordinarily low K m for ammonia (described below). However, the mutations clearly affect ammonia-dependent activity (Table 1) . Second, no eubacterial NAD synthetase, including nadE from E. coli (which complements the S. typhimurium mutation), is homologous to any known glutamine-dependent amidotransferase, which implies that NadE lacks a glutamine-binding domain (7, 8, 10) . Third, it can be argued that glutamine dependence results from a separate subunit. However, no gene coding for a glutaminebinding subunit is near nadE of E. coli (7) , where such a gene is expected (11) . Nonetheless, the possibility for such a subunit cannot be completely eliminated. However, such a possibility cannot explain why all nit mutations are in nadE and not in the gene for this hypothetical glutamine-binding subunit. Fourth, the bacterial NAD synthetases have properties that are unprecedented for an amidotransferase. NAD synthetases from S. typhimurium and R. capsulatus crude extracts were twice as active with 1 mM ammonia as with 1 mM glutamine (7, 10).
Furthermore, purified E. coli NAD synthetase's K m for ammonia, 65 M (8), is lower than that for any known amidotransferase (11) . The purified enzyme's K m for glutamine is 16 mM (8); however, the rate of spontaneous glutamine hydrolysis exceeds that of glutamine-dependent NAD synthesis, which implies that NAD synthetase cannot hydrolyze glutamine (10) . Fifth, the only positive evidence suggesting that NAD synthetase is glutamine dependent is its assay from crude extracts of S. typhimurium and R. capsulatus (7, 10) . However, such activity is probably the artifactual sum of glutaminase and ammoniadependent NAD synthetase activities, since glutaminase activity from an R. capsulatus extract is greater than glutaminedependent NAD synthetase activity (10) . This artifact explains why, despite several attempts, glutamine-dependent NAD synthetase activity is lost after the first step of purification; presumably, purification separates the glutaminase activity from NAD synthetase (7, 10) . In summary, the available evidence strongly suggests that ammonia, not glutamine, is the physiological nitrogen donor for NAD synthetases from E. coli, S. typhimurium, and R. capsulatus. The careful study of Willison and Tissot supports this conclusion (10) . If eubacterial NAD synthetases require ammonia, then NAD synthetase is only the second known essential ammonia-dependent enzyme; glutamine synthetase is the other (4) .
The nitrogen utilization defect of nadE (nit) mutants. To explain the mutant phenotype, we propose that a high concentration of ammonia is required for sufficient activity of the residual NAD synthetase. When ammonia becomes limiting, i.e., during nitrogen-limited growth, the NAD synthetase activity presumably becomes insufficient. This explains why impaired glutamine synthetase activity, which will increase available ammonia, suppresses the Nit Ϫ phenotype (2). Based on the presence of certain motifs found in regulatory proteins, the possibility that NAD synthetase possesses an essential regulatory function was considered (10) . While this possibility cannot be rigorously excluded, such a function is unnecessary to account for all aspects of the mutant phenotype.
Concluding remarks. In summary, we have shown that nit is nadE, ammonia is probably the preferred substrate for NAD synthetase, and low NAD synthetase activity can account for the nitrogen utilization defect. It is not obvious why several (perhaps all) eubacterial NAD synthetases appear to be ammonia dependent whereas the eukaryotic enzymes are glutamine dependent. Perhaps differences in mechanisms of nitrogen acquisition, or the availability of nitrogen reserves in eukaryotes (which may provide a reliable source of glutamine), ultimately account for this difference in substrate specificity. The values are the averages of three determinations Ϯ standard errors of the means. Cells for the assays for AstB, AstC, and AstE were grown in minimal medium with 0.4% glucose as the carbon source and 0.2% alanine as the nitrogen source. Of the media that supported growth of SK51, this medium gave the highest levels of arginine succinyltransferase enzymes. Cell growth, extract preparation, and assays for AstB (succinylarginine dihydrolase), AstC (succinylornithine transaminase), and AstE (succinylglutamate desuccinylase) have been described previously (6) . Cells for the NAD synthetase assay were grown in minimal medium with 0.4% glucose and 0.2% (NH 4 ) 2 SO 4 at 30°C. Extracts were prepared as described for the other assays, except that the concentration of the phosphate buffer was 10 mM, instead of 50 mM. The assay for NAD synthetase has been described previously (8) .
